C hest pain ranks second among emergency department (ED) visits in the United States, with over 7 million annually. 1 Although the majority of chest pain cases are of cardiovascular and esophageal-related pathology, musculoskeletal etiology occurs in approximately 7% of cases in the ED and 25% to 50% in primary care. 2 Costochondritis is one common musculoskeletal diagnosis that can manifest as chest pain. Sinister pathologies can present like musculoskeletal conditions, especially in those with chest pain, given the complexity of referral patterns. Central neurogenic pain mechanisms and psychological distress may further mask serious disease, as pain patterns spread into diffuse, nonanatomic areas. 3 Thus, in the presence of chest pain, central sensitization, and psychological distress, determining the accurate source of symptoms requires elevated clinical reasoning.
Screening for red or yellow flags should be performed throughout the episode of care, particularly when there is lack of improvement, red or yellow flags, or comorbidities. In some cases, early signs and symptoms of nonmusculoskeletal disease may be impossible to recognize. Patients with cardiac chest pain can be treated for costochondritis, but have a serious cardiac event within 2 months. 4 Although a disease will eventually manifest itself as it progresses or worsens, communication between the health care providers and patient, along with persistent reexamination, can facilitate the diagnostic process.
The purpose of this case report is to describe the clinical reasoning used in a patient referred for costochondritis.
Examination
An urgent care physician referred a 59-year-old, right-handed woman to physical therapy with a 5-month history of insidious left-sided chest pain, diagnosed as costochondritis. The patient reported the pain had spread into her neck, upper back, and left upper arm (Fig. 1) . In the ED, after a normal electrocardiogram, she received Tordol injections into her chest wall and was prescribed anti-inflammatory medication. She reported initial improvement in symptoms but continued to have intermittent pain. She sought medical attention at an urgent care clinic and was referred to physical therapy. Prior to her physical therapist evaluation (2 weeks after the urgent care visit), the patient received chest, cervical spine, and shoulder radiography; the findings were remarkable for acromioclavicular arthritis.
Her pain ratings, description, and 24-hour pattern can be seen in Figure 1 . The pain was constant. Aggravating factors included coughing, deep breathing, using her arm overhead, sleeping on her shoulder, rotating her head, and sitting for more than 15 minutes. She slept fewer than 5 hours at night. Rest and over-the-counter nonsteroidal anti-inflammatory drugs relieved her pain. Her pain did not change with walking longer distances or negotiating stairs.
The patient's past medical history was significant for hypertension, diabetes mellitus type 2, asthma, and chronic obstructive pulmonary disease (COPD). Pharmacological management included albuterol and fluticasone via inhaler, hydrochlorothiazide, ramipril, metformin, and ibuprofen. Although she reported a 20-year history of smoking, she had quit 12 years prior. She did not consume alcohol. Regarding red flag screening, in the previous 5 months, she had noted weakness in her left upper extremity, intermittent generalized body fatigue, dyspnea with moderate physical activity, sweating, and coughing. However, she stated all were improving and the coughing had resolved after a course of prednisone. She attributed her symptoms to stress. She continued to work as a janitor while recently becoming the primary caregiver to both her husband, who had been diagnosed with colon cancer, and her mother, who had a stroke some months prior. Furthermore, her sister was recently diagnosed with pancreatic cancer, and one of her close friends at work had unexpectedly died.
The primary outcome measure was the QuickDASH. 5 At initial evaluation, the patient scored a 43. Secondary outcome measures were the Numeric Pain Rating Scale (NPRS) and shoulder flexion range of motion. Finally, she scored positive on the Whooley questions for depression. 6 
Clinical Impression 1
The Table lists the differential diagnosis list and associated positive examination findings. Following the examination, we found some symptoms suggestive of costochondritis. She reported pain with deep breathing, coughing, sleeping on the involved side, and upper extremity or spinal movements. 7 Costochondritis is typically localized to an area over the costochondral and/or costosternal joints, which was inconsistent with the patient's pain pattern. Cervical radiculopathy was possible given the history of cervical and extremity burning pain and weakness. Subacromial pain syndrome was also considered given the patient's age, workload, and pain referred down the upper arm. Of concern was the persistent severity of pain despite use of anti-inflammatory medications and injections. We considered cervicobrachial pain syndrome, although this can be associated with more distal upper extremity symptoms. Cervicobrachial pain syndrome has been described as upper quarter pain without neurological deficit, secondary to peripheral and central sensitization. 8 We considered central sensitization given the multiple aggravating factors reported, pain as high as 9/10 that seemed beyond nature and extent of injury, and multiple psychological factors present. 3 The increase report of sweating may have been due to an autonomic response to increasing pain levels or related to excessive amounts of stress. 9 We considered pulmonary etiology, in particular lung cancer, due to the location of pain, age (over 50), history of smoking, and history of COPD. 10 Lung cancer can present with dyspnea, cough, and fatigue. 11, 12 Lung cancer was lower on our hypotheses list, as the patient reported that her dyspnea and cough were improving and could be attributed to a COPD exacerbation. We felt her fatigue could be attributed to limited sleeping hours and exposure to psychosocial stressors. 13 Finally, the patient had negative chest radiographs. The sensitivity and specificity for detecting lung cancer with radiographs is 73.5% and 91.3%, respectively. 14 Chest radiographs did not definitively rule out lung cancer, but suggested that lung cancer was less likely.
Physical Examination
There was no discoloration, temperature change, sweating, and swelling in the trunk and upper extremities. She presented with a flat affect. Her vital signs were as follows: blood pressure (BP) 124/65; heart rate (HR) 92 beats per minute (BPM); oxygen saturation 97%; and respiratory rate (RR) 16 breaths/ minute. Auscultation of the lungs revealed no deficits. The neural exam revealed diminished deep tendon reflexes in the upper extremities bilaterally; allodynia and hyperalgesia throughout the painful areas of the chest, neck, shoulder, and upper arm (Fig. 1) ; and weakness in the shoulder and elbow secondary to pain. Several musculoskeletal examination procedures on the left reproduced her pain with an empty end-feel: cervical/thoracic (limited about 50% in all active and passive motions) and shoulder active and passive ROM (0°-84°/90°), joint mobility assessment of the sternoclavicular, acromioclavicular, first through sixth costochondral joints, and glenohumeral joints, and manual muscle testing of the glenohumeral external rotators. When assessing cardiopulmonary function, the patient completed bicycling on an upright bike for 20 minutes at 60 rotations per minute (70 watts), with a rating of perceived exertion no greater than 13. 15 After 5 minutes, HR was 115 BPM, oxygen saturation 97%, and RR 18 breaths/ minute. At 10 minutes, BP was 130/70, HR 120 BPM, oxygen saturation 97%, and RR 21 breaths/minute. Immediately following exercise, BP was 135/68, HR 125 BPM, oxygen saturation 97%, and RR 22 breaths/minute. Of note, her resting pain decreased to 3/10, cervical and thoracic active ROM improved by 25%, and shoulder flexion active ROM improved from 0 to 85 degrees to 0 to 110 degrees prior to pain.
Clinical Impression 2
There were multiple musculoskeletal examination procedures that reproduced the patient's pain, including ROM and joint mobility testing, supporting the hypothesis that her pain was stemming from a chronic musculoskeletal problem. Given the multiple positive physical examination findings, it was not possible to conclude that the patient had 1 underlying musculoskeletal health condition causing symptoms.
Costochondritis, thoracic dysfunction, neck pain with mobility deficits, and subacromial pain syndrome, among other diagnoses, were considered. However, we felt cervicobrachial pain syndrome best encompassed her presentation. As her pain decreased with riding the bike with a normal response and recovery, a cardiovascular nociceptive source of pain seemed unlikely. Given that pain decreased on the bike while performing aerobic exercise, the patient's problem seemed as though it would be amenable to physical therapist intervention. The patient had a flat affect, pain provoked with multiple objective examination procedures, allodynia, and diffuse areas of hyperalgesia throughout her pain areas. From this, we presumed that central sensitization was a likely contributor to her pain. 3 One appropriate strategy for central sensitization is aerobic exercise. In populations with widespread pain, aerobic exercise has been reported to improve pain. 16 A referral to a mental health expert was recommended secondary to the positive depression screen and multiple psychological stressors.
Intervention and Outcomes
The patient was treated for 4 visits over 30 days and reported decreased pain (9/10 to 6/10), demonstrated improved shoulder active ROM (visit 2: 0°-110°, visit 3: 127°, visit 4: 140°, visit 5: 134°), and improving QuickDASH score to 34. Physical therapist interventions included pain science education, manual therapy to the cervical spine, thorax, and shoulder, and aerobic and ROM exercises. The patient declined to follow up with a mental health professional.
Although the patient was demonstrating improvement, clinical reasoning and screening continued. On the fifth visit (day 35), the patient reported an increase in pain, fatigue, sweating, dyspnea, and loss of appetite over the past week. Shoulder ROM reproduced her pain. Based on these findings and a discussion with the patient, the referring and primary care physicians were contacted. A chest computer tomography scan was ordered and demonstrated primary lung carcinoma (Fig. 2) . A bronchoscopy revealed a non-small cell 
Discussion
Lung cancer is the leading cause of cancer-related mortality globally (1.69 million deaths in 2015) 17 and in the United States. It is second only to breast cancer in prevalence. 18 Cigarette smoking is by far the most lethal and common risk factor. 18 Despite smoking cessation, former smokers are still at risk for developing lung cancer.
Lung cancer is grouped into 2 main subtypes: small cell and non-small cell lung cancer, with non-small cell lung cancer representing 85% of cases. 18 Non-small cell lung cancer is further divided into squamous cell carcinoma, large-cell carcinoma, and adenocarcinoma, with adenocarcinoma being the most common form in the United States. 19 This form of cancer arises from glandular cells typically in the upper lobes in the bronchial tree in the respiratory mucosa. 19 The diagnosis of lung cancer is challenging, often requiring 4 to 6 months to confirm after symptoms emerge. 11, 12 Many of these symptoms overlap with other pulmonary diseases. 11 The most common first symptoms are coughing (40% of cases) and dyspnea (26%) for more than 3 weeks. 11 Fatigue (35% to 45%) and chest pain (35%-40%) are also reported. 11, 12 As many as 12.5% of patients are asymptomatic. 11 Thus, the US Preventative Services Task Force recommends yearly lung cancer screening with low-dose CT for people who are between 55 and 80 years old with a 30-pack-year smoking history and who currently smoke or have quit within the past 15 years. 10 Although the patient in our case did not report a 30-pack-year history, she did have other known risk factors for lung cancer, including age over 50 years, a smoking history within the past 15 years, and COPD. The patient reported that her pulmonary symptoms, including cough and dyspnea, were improving. Given this, along with the negative chest radiographs 
Flat affect
May have elevated blood pressure, heart rate, respira tory rate; diaphoresis and improvement in pain without exacerbation of symptoms on the bicycle, we deemed that physical therapist intervention was appropriate. Clinicians should be aware that even if a patient's symptoms are improving, ongoing examination and evaluation remain necessary, as presentations may change. In particular, a lack of sustained improvement over 30 days is of concern. 20 At her fifth visit, the patient demonstrated a significant worsening in presentation, including loss of shoulder ROM, exacerbation of pain and sweating, and loss of appetite. Although less commonly noted in lung cancer, sweating and loss of appetite can suggest systemic pathology. 11, 12 Ongoing clinical reasoning and discussion with the physician resulted in appropriate imaging and diagnosis.
Conclusion
This case report highlights the need for clinicians to be knowledgeable in the symptoms and signs that may warrant a referral for sinister pathology. Ongoing examination and evaluation measures throughout the course of treatment were critical in the clinical reasoning that led to the appropriate diagnosis. Clinicians should reevaluate patients on a consistent basis, particularly when the diagnosis is unclear and in the presence of red and yellow flags, even if the patient is improving. 
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